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The present invention relates to the field of genetic 
engineering and provides new DJJA molecules comprising DHA 
sequences coding for ensynes with e~*amylase activity. 
Specifically,, aufcant microbial «~asayiase$ are disclosed 
IS having improved characteristics for nss in the degradation of 
starch, in the desiring of textile and in other industrial 
processes. The disclosed a~ amylases show increased tharmal,, 
acid and alkaline stability which makes them ideally suited 

20 could hitherto not foe used. 



25 Starch consists of a mixtnre of amylosa v/w) and 

amyXopectin {70-85.% -w/w) * &myiosa consists of linear chains 
of «~X ? 4~iin$:ed glucose units having a noleeular weight (HW) 
from about 60,000 to about B0S f 000. Assylopaetin is a branched 
polymer containing <x~i,6 branch points every 24-30 glucose 

30 units, its W8 may be as high as 100 million. 

Sugars from starch, in ths form of concentrated dextrose 
syrups* are currently produced by an ansysie catalysed process 
involving: (1 } ii que faction (&K thinning) of solid starch 
with an ««*amyla&e into dextrins having an average degree of 

35 poiyaerisatlon of about 7-3j0>. and (2) saeoharifioation of the 
resulting liquefied starch (i.e. starch hydrolysate} with 
amyicglucosidase (also balled olucoamylase or AG) . The 
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resulting syr»p has a- high glucose content. Much of the 
glucose syrup ■which is commercially produced is subsequently 
«n?yB»tic&ily isomer ised to a dexcros©/ fructose mixture 'known 
as isosyrnp* 

S o^Anylase (EC 3.2.1,1} hydrolases stares, glycogen and 

related polysaccharides by cleaving internal «rl* 4~glucosidic 
bonds at random* T&i&. enzyme 'has a number of important 
commercial applications In, for example the sugar,, brewing, 
alcohol and textile industry* a-Asylases- are isolated from a 
10 vide variety of bacterial,, fungal,, plant and animal sources-, 
The industrially most important a-amylaafes are those isolated 
from Bacxiii * 

in the first step of the starch degradation process* 
Starch slurry is gelatinised by heating at relatively high 

IS temperature (up to 110 *C). The gelatinised starch is 

liquefied and dsxtriniaed by a thermostable e»apylase in a 
continuous two stag© process. The major process variables are 
starch concentration, o-amyla.se dose, temperature and pH. 
During the lig^efaetion^dextrini nation reaction the process 

20 variables must be maintained within narrow limits to achieve 
good conversion ratios, since serious filtration problems may 
arise otherwise. See* for example, eoker and 

K, Venkatasixbraiaanian, in; Biotechnology, p. 1SS-171* Ed, 
F»H. Charemisinof f * P»B* Queilstte, Technicom PuM* Corp. 

25 Jtahcasfcer Eenn, 1985 « One of the problems which frequently 
arises is the proper regulation of the temperature in the 
initial stage of the degradation process* overheating often 
causes denaturation of the ^amylase so that the final 
thinning is not sufficient. One way to avoid this is the use 

30 of more thermostable a-amylases. 

To that end It has been proposed to add calcium ions or 
an amphiphile (see e.g. EP~&»018SS38) * but this solution 
appeared to be unsatisfactory* 

There is, therefore* still substantial interest to 

35 provide ©-amylases with increased thermostability. 
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m^h~mim® describes the isolation of a thermostable a~ 
amylase costing gam from !» stfearot ^^^op^-l^g the gene is 
S closed iiito a plasmid containing either a Basiling or an g. 
gall origin of replication.,. 3?he so obtained chimeric plasmid 
is used for producing ©-amylase. The «>»amylase gens was 
isolated and used without any tether modification, 

EP-A-013404S inscribes a method for increased commercial 
10 production aUi. of o-amylase, by cloning and expression 

of one or »©r© o-amYlasa genes in industrial Bacillus 
strains * 

BF~A~252666 describes a chimeric ©-amylase with the 
general formula Q~R~t in which 0 is a N~tsrminai polypeptide 

15 of SS to 60 amino acid residues which is at least 75 percent 
homologous to the 37 ^-terminal residues of the 
fi* . ^ ByJ^ol Ag^liiM i e n s ©-"amylase, E is a given polypeptide and 
h is a C-terminal polypeptide of 390 to 400 amiijto acid 
residues which is at least 75 percent homologous to the 395 

20 C-terminsl residues of 1. lioheh^fprffiis o-amylase, 

Stay et al» (J, Bacteriol,, 166 f 535) describe 

chimeric e-amyXases formed of the NH 3 ~terminal portion ©f E. 
Etearo t immQP.hil, Bs ©-amylase and the eoOH-termimal portion of 
S»li^llS.nl£crmls a«amylase* Most of the hybrid, amayma 

3S . molecules were shown to be less stable than the parent wild- 
type enaymes. Furthermore none of the hybrid molecules was 
shown to possess improved stability properties. 

Hone of the references cited above describes the use of 
single amino acid replacements to obtain novel ©-amylases. 

30 EF-A-02S5123 discloses a method for complete mutagenesis 

of nucleic acid seguemees, As an example mutagenesis of the 
&* Btsga ^ ter^o^hilMl ©"-amyiase is described. .Although there 
is a suggestion that this method can be used to obtain 
l fc taro^ bj. rjjo^hJJ 8 us e-amyXase mutants with improved stability 
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The. present: invention provides suxfcant «~>amylases and 
ways of obtaining sucfe mutants. Said mutant G5-amyXas©s are 
S characterised in that they differ in at. least, one amino acid 
from the wild- type ensyma . Furthermore f BNAs encoding these 
mutants, vectors containing these DHAs in expressionabl® form 
and host calls containing these vectors ar® provided* 

In one aspect of the invention randoms mutagenas is on 
10 cloned «~§siylas© genes is disclosed , The mutated genes are 

expressed in a suitable host organism using a suitable vector 
system* 

In another aspect ©f the invention screening methods for 
mutant a-aiaylases are described and applied. Said methods 

IS yield more thermostable and more acid stable e~amylases. 
Furthermore, this method is used with a slight modification 
to obtain mors alkaline stable e~anylases . The expression 
products of the clones so detected are isolated and purified. 
In yet another aspect of the invention ot-amyXases are 

20 provided with increased thermostability these mutant a~ 
amylases reduce filtration problems under application 
conditions of starch degradation* 

Xn a further aspect of the invention cs-amyiases are 
provided with increased acid stability * these reduce the 

25 formation of unfavourable by-products , such as maltuloss, at 
the same time they decrease the amount of acid to be added 
before the reaction with amyloglueosidase, The new a—asayiases 
possess preferably both improved properties with respect to 
thermostability and acid stability or with respect to both 

30 thermostability and alkaline stability* 

In another aspect of the invention the mutant proteins 
are shown to have a better performance under application 
conditions of starch liquefaction. The alkaline stability is 
©specially useful for application in textile desiring. 

3S ^hese aspects will be further described in the detailed 

description and in the examples hereinafter. 
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Fipp,re...lJ ^cls^ida sequence ot..g.ia5rI 

Sta&ssens jgfc al. , 19S7, Laboratory Course 

Martiiasriea, miy For description of the &i£t* 

aismants see text. 



Eljy&re. 2 ; Nu c I e o t Id e sequence of plajsmld., pplQH ::: sjgjQg Insert 
Construction of this vector has bean described in EP~&« 
10 0224294. The «~amylase amine acid sequence is depicted •belovir 
the. triplets, Numbering starts fro® the first amino acid of 
the mature protein (Kuhn <g£ , 1982, j y Bacterid,, 149, 
372;}* The SP02 promoter insert runs from position 61 to 344, 

iS TM*r® 3„i 83aalas fe ids gag^usi rMaTLia ft 

This vector was constructed from pKa5«B, the insert of 
pP&OH SF02 and a synthetic DK& fragment encoding the me 
promoter. The TAG promoter DN& fragment runs from position 
3757 to position 38SS, The ^-amylase atsi.no acid seonenee is 

20 depleted below the triplets * 



The following unique restriction enssyme sites are 
available for gap construction in the aramyXase genet . 

2.5 SpeX, gagfX'k IB&I* £2aX* fcX, SaLX* HJ&XX1X, X&aXXl and 
1S£EXX« Sequencing primers for all possible gaps have been 
SYnt&esissed in order to enable easy determination of 
mutations. Flasaid pHcTLiaS is identical with pMaTLia6 except 
for the presence of an amber ccdon in the ampiciXXin gene 

30 {removes §.g.a.X site} and the absence of an amber codon in the 
chloramphenicol gene (associated with the presence of a Pvn.il 
site) . 



Flour a -5 ; Oi 

Tbe (left) 



xn igj.. 
tbe a~amylase g 



pM&/e section enables convenient mutagenesis 
(right) SaMllna e^tj^is cassette contains 
{or any other Bacillus gene) pies a 
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minimal replicon for propagation in subtiils* After 
suceesfui mutag«n«sis -in fi« coli the ,§* %-afctllls cassette can 
be circularised allowing the SP02 promoter to move in front 
of the c-amylase gene mpon transformation into ISSillM" 

This vector is a specif ic example of the mutagenesis 
expression vector outlined in Figure s» 
(1) and {3} s multiple cloning sites. The target gana is 
inserted in {2}, By varying the sites at (l) and (2) 
convenient restriction sites for gapped topless creation can 
be constructed ; 

FDT s transcription terminator 

FlxOHI * origin of replication originating from 



B* coli OBI? origin of replication fro® pBH322 
Bhh t ampicill.a.n resistance gene 

CAT . ; chloramphenicol resistance gene 

BAC OKI ? origin of replication of pXIBliO 
20 KaK&MXCXH 5 h&namycin {neomycin} resistance gene of 

pHBlXQ 

SP02 z -promoter of phage SK)2 




s a-amylase gene was 



into pSMa/cl at multiple cloning site (2) of 
§. la this figure the SPQS promoter is indicated by 
{2} and the I„ coli OHX is represented by (4}» 



liaags^gj tegue,^^^^ 

Depicted is the gegueace from the icoRX site upstream 
from the TjM>prometer up to the first amino acids of mature 
c~amyiasa <. The pne& amino acid sequence is shown below the 
35 BhA seguenee* 



WO 91/90353 



£im£8L£lJ$&^m^lMzMg&m Pl<?%..X9X^ZL^mi±..2m a -amy lag® 

This plot shows tto initial rate of enzyme activities 
vs* substrate concentration for WS and SOS a-"a«sylasa. Assay 
conditions are described in Example 3 < 

5 

Figure 10s Thermpin aoti^atioii..og JEL D? g-a^yiasa 

This plot shows the half life tiea of tooth 1ST and D? 
o-amylase as a function of the Ca 24 " concentration at pH S*S 
and 90,S*C» 

XO 

Figure 11' Therisoinactivation of and 0? g-aayla^ 
&s in- Figure 10 except for the pH which is ?.o. 

£l<iarfe,„12; Ther^orngsfclyatlon of WS and 2tS„.a*amglAga 
IS This plot- shows half life times of both WE and 2D5 e~ 

amylase as a function of Ca 2 * concentration at pH 7.0 and 

.9.5* C, 

figure %M Ther^o inaotlyation o f and p? g»a«laB8 as a 
20 .Xmis£Jm^of_pH 

fun ction of pH 

SS £iffi*rsL.l&.,; Vi&Jt&.. final pH Boa%BrM„:aftsr liquefaction at 

30 By the torts "exhibits improved properties 5 * as used in 

connection with, * f mutanh o-amyiase*' in the present description 
we mean o~assy.lases which have a higher enzymatic activity or 
a longer half-life time under the application conditions of 
starch liguef action.,, textile 'desisting and other industrial 

35 processes » 

with **X3aproved thermostability*' we msan that the 
mutant ensyme retains its activity at a higher process 



temperature , or that it performs longer at- the same 
tempe-ratuxe than the wild»typs an&yme from which it 
originates * 

With "improved acid (or alkaline) stability** we mean 
5 that the mutant ensyme performs better at lover (or higher) 
pH values then tha wild-type ^fczyat© from which it was- 
derived* 

It is to be understood that the improved properties 
are caused by the replacement of one or more amino acids * 

10 

Chromosomal DMA may be isolated from an a~&mylase 
containing microorganism* Preferably a microorganism is used 
belonging to the genus Bacillus ,, more preferably 
M> liohenifoypis, still more preferably B.«.....l.ich^ if.oyyi^ TS 

.15 is used (see EP-&~134048) « The chromosomal tM& is digested 
with a suitable restriction ensyme and cloned into a vector. 
A number of possible ways of selection can fee used e,g* 
hybridisation, immunological detection and detection of 
enasymatic activity. The choice of the vector used for cloning 

20 the digested chromosomal DHA will depend on the selection 
method available. If hybridisation is used no special 
precautions are needed. However, if detection is 
immunological or based on enzymatic activity the vector will 
have to contain the proper expression signals. The actual 

25 detection of clones containing e~amylase was performed on 
starch containing agar plates. After growth and incubation 
with 1 2 vapor hales are detected around positive clones. As a 
next step the sequence of the gene is determined. The derived 
amino acid sequence is used for comparison with other known 

30 «~>amylass sequences to give a first impression of important 
amino acids (e»g» active-site, ca 2 ' binding, possible s~s 
bridges) * A better indication is obtained when the 3D- 
structure is determined. Since this is very laborious 
oftentimes another approach is used. In the absence of a 3D- 

35 structure prediction programs for determining the secondary 
structural elements (e.g. a-helix, S~sheet) are successfully 
used eventually the tertiary structural elements e»g* Br 
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barrel are determined* For a review see J an in,, J, and Wodaek, 
Prog. Biophys , laolec. Biol. 1983,. 21-78, 
Valuable amino acid replacements can be envisioned. 
The stability of a protein -structure is determined by the net 
5 difference in free energy between the folded and an folded 
conformations of the protein, since the proline residue is 
restricted to fewer conformations than the other amino acids 
the conf igursf iomal entropy of unfolding a protein is 
decreased (and stability thereby increased) whan an amino 
10 acid is replaced with proline. Another useful substitution is 
the glycine to alanine replacement, Eesidues such as 
threonine, valine and isoleneine with branched S-carfeens 
restrict the backbone conformation more than non-branched 
residues, 

iS Since a part of the thermostability of certain 

proteins is due to salt bridges it may be advantageous to 
introduce lysine and arginine residues (Tomosic s.s, and 
Klibanov , «j» Biol, Cheau f 19S8, 2J2 3032-3096) , Moreover 
replacement of lysine by arginine residues may improve the 

2» stability of salt bridges since arginine is 'afele to form an 
additional SMxmd, For a review see Wigfey, JJ.S, ^ 
Biocbem, Biophys* Res. Cow, 138?, 149 f 927-929 . Beamidation 
of asparagine and glutamine is mentioned to cause a serious 
disruption of the enzyme structure, replacement with n©n~ 

25 -aBide residues may avoid this disruption . <\mino acid 

replacements are best made by mutagenesis at the DMA level. 
In principle mutagenesis experiments can fee performed 
immediately on isolated clones, However, the insert is 
preferably cloned in a mutagenesis/ expression vector * Random 

30 mutagenesis is possible and so is site-directed mutagenesis, 
In view of the huge asjonnfe of mutated clones of the former 
method, and since no 3P»structure of a-axsylase is known to 
make possible an educated guess for site-directed mutagenesis 
we decided to perform "random 5 ' mutagenesis in specific 

35 regions. 

The following is a possible approach for practising 
the present invention. 
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First. the gene is modified by the int.roduct.iors of 
"silent." restriction, sites* Introduction of non-silent 
restriction sites is also possible. This makes possible the 
deletion of specif la regions of the. gene, secondly the gene 
S is cloned in a phasmid. This combination of a phage and a 
plasmid makes easy the production of single stranded DMA< 
Other ways of obtaining single stranded DN& are also 
possible* By hybridising melted donble«stranded vector (pins 
insert) DN1; with a vector/insert combination containing a gap 

10 in the insert, gapped haterodupiex: DMA was obtained (for a 
detailed description see Mor image, Y et al. 1984, 
Biotechnology, J,, 636} . 

The gap is used for chemical or anssymatio mutagenesis. 
Preferably we used the bisulphite method { Folk and 

15 Hofstetter, Cell, 1983 f 3.1, 585) and an enigmatical 
mis incorporation method are used (modified version of 
l^btovaara sj~ gJL. , $*rot» Eng», 1988, 2, 83). These methods 
can be applied in such a way that every single nucleotide in 
the gap is replaced by all three other nucleotides 

30 (saturation mutagenesis) » The latter method can be applied in 
several ways. In one of them a synthetic primer is hybridised 
to the gap, subsequently an extension reaction is performed 
in which the deoxynucleotide complementary to the first 
deoscynucleotide 3* from the primer is missing. In principle 

25 all three of the other deoxynucleotides can thus fee 

incorporated. This can be achieved either by using a mix of 
three daoxynucieotides or by using three separate reactions 
each containing only one deojcynucleoti.de:. Another way of 
applying the method yields random clones. Here, four separata 

30 reactions are set up each of them containing one limiting 
deoryhncleetida, Sis gives second strands that stop before 
every single nucleotide. The subsequent steps can toe 
performed as described above* Both the bisulphite and the 
ensymatic mutagenesis method were employed to obtain mutants. 

3S For testing the ensymatic properties it may be 

convenient to express the cloned genes in the same host as 
that used during mutagenesis experiments. In principle this 



11 



can foe any host call provided that suitable 
mtagemesis/ascpressian vector systems tor these cells are 
available* For the most, part E > col i is very convenient to 
work with, for example l^coJi wm. After growth of the 
5 colonies in xsierotiterplates samples from the walls of these 
plates are spotted on agar plates supplemented with starch 
and buffered, at different pH values* Positive clones can be 
detected by halo formation* Screening with appropriate 
buffers can he used to select for thermostability,, aoid 

10 stability,, -alkaline stability,, saline stability or any other 
stability that can be screened for. 

Suitable host strains for production of mutant a- 
amylases include transformable* microorganisms in which the 
expression of c-amylssa can ha achieved* Specifically host 

IS strains of the same species or genus from which the e~amvl&sa 
is derived, are suited, such as a Bacillus strain* Preferably 
an a~amylase negative Bacillus strain is used more preferably 
an a-amylase and protease negative Bacillus strain. 



20 produce high amounts of mutant a-amylases . 

Preferably, the e-amyiases being produced are secreted 
into the culture medium (during fermentation) , which 
facilitates their recovery, any suitable signal sequence can 
be used to achieve secretion. 

25- The esspressed s-amyXase is secreted from the cells, and 

can be subsequently purified by any suitable method, 
aelfiltration and Mono 0 chromatography are examples of such 
methods* The isolated e-amylase was tested for tbermo- 

2* 

xnactivatiou at different Ca concentrations (0,5 ~ IS vM) 
3D and over a wide pH range (5*5 - 8.0) . Tests were also 

performed under application conditions. Specifically mutant 
e^amyiasa was tested under conditions of starch liquefaction 
at pH 5*5 and 5,25* Furthermore, applications for textile 
desizing have been tested* 

The properties of some of the mutants that are 
screened will foe better suited under the desired pari ors&anee 
conditions. 
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'Sim present iacs**aiti0» ;4iscXoses ^amylases with 
increased thermostability , iaaprwed acid stability and 
improve alkaline stability* Generally the number of amino 
acid replacements is not important as long as the activity of 
S the mst&test protein is the same or better than that of ther 
wild-type e«syme. Mutant «-*aisyXases differ in at least ©na 
amino acid from the wild~type enayme „ preferably the mutants 
differ in from 1 to 10 amino acids. Specific mutants with 
improved properties include mutant e-~amyiases containing one 
10 or more amino acid replacements at the following positions 
111, 13 3 and 149 ( numbering is in accordance with the B„ 
llehenifornjs a-amyXase} , Among the preferable amino and 
replacements are Ma~lll~Thr, Eis~133~Tyr smd tThr~l49«Xle« 

Such mutant enzymes show an improved performance at pH 
IS values below 6.5 and/ or above 7.5. The performance is also 
increased at high temperatures leading to an increased half- 
life-time at for example temperatures of up to 110*S* 

Hany of the available o^amylase products are obtained 
from bacterial sources, in particular Bacilli, e.g. J|. 

so mfafailiv, &• l&sMvklt&mi&, St* §£gs&£g^$m®^Mmi 

1* SSigaiiS and S» amvioiiauaf aciens . These enzymes show a 
high degree of homology and similarity {yuuki g& &$ * r «?» 
Bioc&ea. , 1985, 98, 114?? Ha&ajima et al. , Appl. Microbial, 
SiotechnoX . , 1986, 355). Therefore knowledge of 

25 favourable mutations obtained from one of these c-amylases 
can be used to improve other amylases. The present invention 
provides an approach for obtaining such knowledge. 

Following is a description of the experimental methods 
xised and examples to illustrate the invention, The examples 

3.0 are only for illustrative purpose and are therefore in no way 
intended to limit the scope of the invention. 



35 
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Cloning techniques '-mm as describes in the. 

handbooks of T. Maniatis jg£ al, , X9g2, Molecular Cloning, 
Cold Spring Harbor Laboratory? F*M* Ausubei efc . , 19.%?, 
S Currant Protocols iix Molecular Biology, John Wiley & Sons 
Inc., How York? ft. Partoal, 2988 , A practical Guide to 
Molecular Cloning, 2M edition, John Wiley. & Sons inc., Mew 
York. These handbooks describe in detail the protocols for 
construction and propagation of recombinant. DMA molecules, 
10 the procedures for making gene libraries, the procedures for 
sequencing and mutating DBA and the protocols for the 
engymatie handling of DKA molecules. 



iS 2 ♦ ChsiLlCJ?sI....matag@nes|e 

Cloned DKA may toe treated in vitro with chemicals in 
order to introduce mutations in tbe DHA. If these mutations 
are directed to amino aci«a encoding triplet codons a mutated 

20 Protein can be produced by the mutated cloned DNA« A method 
for chemical mutagenesis with tbe aid of sodiusa bisulfite is 
described toy Shortle and Botstein (Methods EnsyaoJU:, 1983, 
M&s 457). A preferable method is described by Folic and 
Hofs tetter (Cell, 1.983, 33, 585) , Other methods for 

25 mutagenesis are described by Smith, Ann. Rev, Genet,, ims t 
1©, 423. A particularly useful protocol is described by 
Ausubel e£ al . , ibid* 



30 3 * Haj^gene&is on gapped-duple^ pi 



A method based on the gapped-duplex approach (Kramer 
J§& 1984, mcl. Acids Res. 12, 9441) and a phasaid 

CplasBld/phage hybrid) was used. Essentially the method rests 
35 cn a gapped dtjpXeac DMA intermediate consisting of a gapped 
strand (-strand) containing a wild-type antibiotic resistance 
marker and a template strand strand) carrying an amber 
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mutation in the gene conferring resistance to the anhihiofcic. 
After annealing, the mufcagpnie oligonucleotide bee-o»as 
incorporated in the gapped strand during in vitro gap-filling 
and sealing reaction.,-. The resultant molecules are used to 
S transform a j&isaatc& repair deficient (Mat S) host in which 
the linkage between the intended rcutation and the antibiotic 
resistance marker is preserved. The mixed phaamie population, 
isolated fross thia strain,, is then allowed to segregate in a 
suppressor negative host strain* Traasformants are plated on 
10 antibiotic containing medinm, thus imposing a selection for 
progeny derived from the gapped strand, 

The twin vector system pHa/oS-s , which was described 
by ?, Stansaans $X* (Hucl. Acids Res., 1§89> XLr 4441} is 
.composed of the following elements i 
IS pos 11-105 j bacteriophage fd, terminator 

pos 12 1-2 IS % .bacteriophage fd, teraiaator 
pm 221-307 i plasmid pBE322 (pos 20«9>~21533 
pos 313-76$ s bacteriophage tl, origin of replication 

(pOS 5482-5943) 

20 pos 772-257X ,t plasmid pBS322 f origin of replication 

and £— lactamase gene 
pos 2572-2685; transposon I'nSOS 
pos 25X$~2772s tryptophan terminator (double) 
pos 2773-3729; transposon Tn9, chloramphenicol acetyl 

25 transferase gene 

pos 3730-3803? multiple cloning site 

The sequence is depicted in Figure 3U 



30 In the pMa type vector nucleotide 3409 is changed froe 

© to 3k t "whil« in the pMe type vector nucleotide 2238 is 
changed from G to C» creating amber stopcodons in the acetyl 
transferase gene and ^-lactamase gene f respectively, 
rendering said genes inactive* 

3 S 

Ml sequences referred to were obtained f ross Gcnfcank 
(release 54} f national Kuclaic Acid Sequence Data Bank, 
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KIH t3SA» Plasmid g$c§~8 has? fe®«» deposited under QSM 45«6. To 
per" form mutagenesis the target DHA fragment is cloned into 
the multiple cloning sits of pMaS~8 , Subsequently a gapped 
duplex between pMaS-S containing the target DMA and pMoS~S is 
5 constructed. 

She single strand gap* consisting of the target DMA f 
can be si&fojected to mrtagenesis with a mutagenic oligo- 
nucleotide , with long synthetic oligonucleotides,, with a. low 
level of mis incorporated nucleotides, with chemicals or with 

10 esi&ymatic misineorporation of nucleotides also random 

mutagenesis PGR can be applied. For a detailed description 
see Ausubal e^ pi. , ibid, or Perhal, ibid, As an alternative 
to in vitro mutagenesis one can use in 'vivo .jsutagenesis 
either with the aid of W^light or chemicals or by the 

15 application of an E» coli mutator strain (Fowler et al> , J. 
Bacterid., 1986, lii, 130). 

apparatus obtainable from Applied bio &ystesps* 




■gj^^sucleotides 

A pMa/pHc gapped duplex can be subjected to primer 
25 extension and misincorporation mutagenesis as originally 
described by Shcrtle et al. (Free, Mat! . Acad > Sex. USA, 
1982, 2§> 1588} by B*c« Cunningham and J. A. Walls (Prot. 
Eng. , 1987, %, 319) a modification of this procedure is 
described by behtovaara ^fe (Prot* Eng. r 1988, &, 63} » 

30 ThLs method is based on controlled use of polymerases .» 

Four populations of fMA molecules are first generated by 
primer elongation of a gapped duplex of pHa/pMe so that they 
terminate randomly.-, in the gap, but always just before a 
known type of base (before &, C, G or T, respectively) « Each 
35 of four populations is then Mitagsnisad in a separate 

mis incorporat ion reaction whare the correct base can now be 
omitted, in this way all types of base substitution mutations 
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can he generated at. every position of the gap* The use of 
seguenase (W) »i©dbt*»ical. Corporation) was preferred 

to the use of Rlanow polymerase. Moreover MoKulV reverse 
transcriptase was used instead of A.M.V. reverse 
5 transcriptase,, which was used fey Lehtovaara ^ nl.. (ibid) * 

To easmr© single sit© .saafestitutiofcs we fcave introduced 
the following modification to the protocol described by 
X>eh.tovaara et a].., ibid, 1st the reverse transcriptase .buffer 
net three tot only o»e m'isincoxporatiag nucleotide is 

10 present* For instance the A~speci£ic limited base elongation 
mixture is incubated in three separate reactions with 250 fM 
dCa'P, 2S0 iM dSTF and 250 iM dT3?B» respectively. For a 
complete set of 4 base specif ic X ix&jLted elongation mixtures a 
total set of 12 separate misincorpor&tion reactions is 

15 carried oat. After 1.5 hour incubation at 42 *C a chase of ail 
four deoatysmcleotides in a concentration of 0.5 JtaM is added 
and the reactions are further incubated for at least 20 
minutes at 3?*€* Samples are then further processed according 
to hehtova&ra eh aj . ( ibid x } f with the uodi f ioat xon that no 

20 ccuntersalaction to an uracil ^containing DH& strand but a 

S * Product ion of mutant c-amy 1 ases 

25 

Transformants of S. eoij, strain WK6 { 2ell , R. and 
Frits* H«J. , BK80 J. t 1987 f 6, 1808), containing an 
expression vector, harboring any one of the o-amylase 
constructs f were inoculated in TB medium (10 ml) at 3G*e« TB 

30 medium consisted of 0.0178 K^PG^ 0.O72H K g HF0 4 , 12 g/1 

BactotryptonSf 24 g/1 Bacto yeast extract:, o»4% glycerol and 
an antibiotic {ampioillin with pMa or chloramphenicol with 
pMc constructs) * Samples of the culture were used to 
inoculate 250 ml TB in 2 liter flasks* At an OD g()0 of 

35 10 - 12, Q*l mM XPTG { isopropyl~&~d~th iogal actopyranoside } 
was added and incubation continued for another 12 ~ 16 hours. 
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Purification of mutant a-aisylasess 

5 The cells were har^estad toy oentrifugation and 

resuspended in buffer containing 20% sucrose at 0*C. After a 
second cent.rifugat.ioa the cells were rasuspended in cold 
water. Cell defer is was removed by a. third centrifugation and. 
the supernatant was brought to pH 8.0 with 20xaK THIS buffer, 

10 CaClg was added to a final concentration of SOisaH, The 
material was heat-treated for 15 min, at 70 *c and the 
insoluble material removed by centrifugation. The supernatant 
was filtered through 0*22 # Hillipore filter and concentrated 
to 1/lOth of the starting volume, 

15 Further purification was achieved using gelf iitration 

I on TSK Hvf~55- Merck) and Mono Q chromatography, Before 
chromatography on Mono S the pB, of the enzymatic activity 
containing fractions, was adjusted to 4»8 using sodium 
acetate, a^assylase was eluted with SSOnM Had, To avoid 

20 inactivaticn the pE was immediately adjusted to S*0« 



W0ft/0S3S3 



8 



H'ol ecu! ar ploning„e,f, Bacillus ^ggllif ..jgene 

5 



TS CBS 470* S3) was digested with restriction 

anayme EcoRX asal ligatad into the BeaPi site of pDBXIQ 
CGryessan, T,J« , g& aX., J. Bacterid f i§?s f 134. p 318), The 

10 ligation mixture was transformed into Bacillus subtil is IMO 
(Bacillus Genetic Stock Center] . Keoaaycine resistant colonies 
were tasted for a~amylase production on HI agar plates 
(DIFCO) supplemented with 0*4 g/X starch (Zulkowsky starch, 
Merck) , After growth and incubation with X a vapor * a positive 

15 colony producing a large clearing halo was selected for 
further character i z at ion * The plasisid isolated fro® this 
positive colony was shown to contain a 3,4 k.b j;e,ojRl~j^ooRX 
fragment originating from Bacillus 1 ichen .1 fo.rrs i s T£. This 
plasmid was named pGB33 {SP~A~13404S? CBS 4 66.83} „ The a~ 

2D amylase encoding insert was ligated to a synthetic shine* 
Dalgamo sequence and the bacteriophage SP02 prosaoter 
resulting in plassdd pProm SVO £ (see BI»~A~Q224Z-84? CBS 
696, *5) . The nucleotide sequence of the insert of pprom SP0 2 
as determined by the method of Sanger (Prac. Natl. Acad. Sci. 

25 o'.S.A** 1977, 24, 6463} is shown in Figure 2» The segusnce 
shows a single large open reeding frame encoding an e~ 
amylase, which is virtually identical to the «~amyl.as© 
ssguance of SssilMf. i^h^ilmlm as determined fey Tuuki 
al* (ibid) . The first 29 amino acids are a signal sequence 

30 which is cleaved off during secretion of the a-amyiase. 

Sumfoering of amino acids throughout this application refers 
to the numbering according to the mature protein. 

The Ifuttfcl seguence differs at the following positions: 
at position 134 ah Arg is present instead of tea? at position 

35 310 a Ser is present instead of Slyi at position 320 an Ala 
is present instead of Ser. 



chromosomal OHA isolated 
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.&oiisj£;mcM.oa. fc, .mtasianee i s /expression ^s sSS^g^BMlSMM 

S Plasmia pSROM SKs 2 • digested with BcoEi and Bel l arid 

the. 1«8 3cb SoffiRI"^!! insert: was purified and cloned into 
EcQRl-BffmHI digested pMaS-8* ©sis pMaS~S vector was before™ 
hand provided with a modified multiple cloning site, The 
BamHl-BindXXX fragment running fro® position 376? fee position 

10 3786 in Figure 1 was exchanged for a synthetic DKA sogaeace. 
as it reads from position 5647 to 5660 in Figure 3* This was 
carried out to render sone restriction eites within the a~ 
amylase gene uitigue, The resulting a~&siyiase containing pMaS~ 
8 derivative was digested with I^§HX and ffg&H X and ligated to 

15. a synthetic toWk fragment carrying a copy of the TkC promoter 
(De Boar f Proc. Natl, Acad, Sci. U,S»&,* IS 83,. |g f 

21} , The sequence of this synthetic DNA fragment, is depicted 
together with the f inal e-amyX&se mutagenesis/ expression 
vector pMaTLias ia Figure 3 from position 3757 to position 

20 3859 ^ This final »~amy less mutagenesis/e^reseigh vector was 
completed toy the introduction of several silent restriction 
sites which are intended to produce gaps in the e~anylase 
gene during mutagenesis experiments (Figure 4) , For this 
purpose the following mutations have been made using site- 

25 directed oligonucleotide mutagenesis j 

~ a Spel site has been introduced by a silent 
mutations 

T49T and S50S 

acg ~—> act me —> AST 

30 

~ a Karl site has been introduced by the silent 
mutatioai 

ww \ j^j"*** 

wt\s taUl- 

35 

;~ A BstB XX sita has been introduced just downstream 
from the TA& stop codon 
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This ^-amylase isufeagsBssis vector pMaTLiaS is suited 
for mutagenesis with the gapped duplex method * Double 
stranded pM&1?Lie6 prepared by digestion of suitable 
5 restriction enzymes has been annealed to single stranded 
pKcTLiaS X>NA» 

3?fa& resulting- single stranded gaps have been subjected 
to site^irected mutagenesis, to chemical mutagenesis and to 
random emaymatie mutagenesis as described in the experimental 
10 section. 

mm availability of the T&C promoter in front of the 
e-assylase gene enables the inducible expression of a— amylase 
ih 1* sail by addition of 

Plasmid pMaTLiae in I» cgM m® uas deposited as CSS 
IS 255-, 89 on June 2nd, i$S9, 



20 ffffDM& ^idr: LQ£ L . o f a Ba<flll u$ /E. cell shuttle vector 

lSIL.BSti<ieneais aad exoreas jpn 

This vector enables mutagenesis of an inserted gene in 
S* ££&i. and ijamediate expression in Bacillus.. The strategy 
25 chosen for the construction of the vector was to combine a 
pUBHO derivative (Grycssan, ibid,} with the pMa/c twin vector 
system in such a way that:; 

1- The 1» subj^txis, cassette can be removed by a 
single rsstrietion/religation experiment* 
3® 2* Different e-amyiase genes and different promoters 

can be easily cloned in this vector. 
3* After recircularisetion the cloned gene will bo 

under control of a suitable Bacillus promoter* 
4* During mutagenesis In 1* cgli the Bacillus 
promoter and the structural o^amyiase gene aro 
physically separated preventing a possible lethal 
accumulation of a»amylase in JU soli. 
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A schematic drawing of the shuttle vector is shown In 
Figure 5. Tfes structure of tha- f inal v«rsi«» of the vector 
pBMa/el is depicted its Figure S. Vector pBMal has bean 
deposited under number CBS 252.89, on Sim® 2nd, isas. The 
S vector has &een constructed as follows s 

» The ISSHI-Sa^BX fragment of pDBHO carrying the REP- 
gene and the Meo s gene was purified and: cloned into 
I^CcJRI^SmaX dig as ted pt?C8» 
•» The IceHl-SlsdXXX fragment of this pXJCB derivative 
10 wee cloned into BcoBX-KindXIl digested pMaS»8 

resulting in plasmid pMaS~8Q « 

- The JtoHI-^ajl' polyiinker fragment was substituted 
toy a synthetic fragment of DM& encoding the BP0 2 
promoter of bacteriophage SBQ 2 {Williams J« 

15 Bacterid , , 1BB1 ( 146 , 1162} plus restriction 

recognition sites for lajsll, Apal , Xhol , Sad , Ball ,. 
Mlui and fftoaX « 

- The unique EcoSX site of pMa5~S0 was psed to insert 
a polylihker fragment constituting the following 

20 recognition sites j !g&EI f MI f W$$&t 

ES&X> and HindlXl 

For specific purposes derivatives pBMa/e2 and 
p8Ma/c6 have been developed out of pBMa/el. 

25 

~ In p8Ma/c2 the EcoRI-Bindlll polylinker of pBMa/cl 
has been replaced by the corresponding polylin&er of 
pucis „ 

«- In pSMa/e6 in addition the Sacll site in the right 
30 polylihker of pBMa/cl has bean removed by a Rlanov 

•C. edC.vi.wiU 

Site directed mutagenesis on the .§* 1 jejuni foods? e~ 
amylase gene was psrf ormed after construction of pBKa/c6 
3S Li. a 6. This vector was constructed by ligating the BaaBl** 
HindlXl fragment isolated from pMaTLxaS into the above 
mentioned pEKa/cS which was cleaved by Ba*aH l and f fijpd XXX. The 
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resulting plasmid {Figure ?} can be need to construct 
duplexes for mutagenesis in F,* edLi<. 

The resulting mutants have been expressed in Bac 
SSfe&iXig 1A40 {mSQ IMQ) after restriction with Saex r 
5 religation and transformation according to Chang and Cohan 
(Hoi , Sen, Genet . , i§7S. 111), 



1» gMte liLXs coU of correctly matured 

.lasi lXa§...l.ichenl forMs a-aiay 1 as* 

Characterisation of the a~a»yXasa produced by pMaTLia 
6 (Example 2} showed that a portion of the ot-amylasa was 

is incorrectly processed during secretion. 88 2 ~iermi»al 

sequencing revealed an extra Alanine residue for c~assyla.se 
produced in E« coXi 6. 

Although we Have no indication that this will give 
different properties to the amylase we nave replaced the 

SO amylase signal sequence bf the alkaline phosphatase Fhoa. 
signal sequence. To this end a mutagenesis experiment was 
carried out so as to introduce a Fsol restriction site in 
pMaTLia 6 at the junction of the signal peptide and the 
mature a~amylase. After and BasHX digestion a synthetic 

25 m& fragment encoding the php& signal sequence {MichaeXis &t 
Bacterxol. , 366) was inserted* The sequence 

of this construction is shown in Figure e~j&myias® produced 
fey pHa/cTPLda6 was shown to posses the correct MBs- terminal 

30 



l^r_eenino for stable ffiramyiase 
lg£^&I^iM..J?ox^ 

&*-Jteylas« mutants, that perform better or worse at low 
pH than the wild-type e-»amyiase f can be selected by 
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comparison of hales *s on starch plates iaaffsred at different 
pH values after staining the starch with an iodine-solution* 



1» Sx§5&& 

Possible mutants are gram in fflierctiterplatas, she 
growth medium is 2S0 ni BralK Heart Infusion broth (D1FC0} . 
The following additions are made* 

chl orassphan ieoi SO ^g/ml 

X.P-T.Gv (SIGMA) 0,2 

0aCl 2 ■ 2 aaM 

Colonies are picked from agar plates with sterile toothpicks 
and inoculated in separate wells (96) of a mierotif erpl&ta. 
In eaoh plate 4 wild-type colonies are included as a control. 

Those microtiterplates are placed at 37 "C for 40 hours 
without shaking. 




After this tltae period, in which the ^-amylase is 
produced, 5 ai samples are taken fro® each well and spotted 
on 2 different types of agar plates (144 x 140 an) * The first 
type is a rich Heart-Infusion agar plate (BXFCO) * o»4% 
starch (Sulkowsky starch-Merek} + chloramphenicol so 
After incubation at 37 *C for 16 hours this plate serves as a 
storage for mutants, 

The second type of plate is the actual screening 
plate, it contains* B&cto agar (DXFCO) 2U5% 

Zuikowsky starch 0.2% 
Agar and starch are dissolved in synthetic tap water (STW) , 
This is; demineraiised water * 



Method s 




CaCIg 2 issM 

MgClg I isM 

NaHCOj 2,5 mM 

BSA 10 .n% 4 



/ml 
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Tbm scar«eai»^r gXafcas are buffered by a I00~*fold 
dilution of a 5 M st&elii potassium acetate buffer solution Irs 
tills medium. pii mines of the stock solutions are 4. SO; 5..0 
and 5.2 at. room temperature. Final pK values in the agar 
5 plat® when measured ate somewhat lower than thus® of the 

stock solutions. From each well 5 «X of culture is spotted on 
3 screening plates with different pH values. 

The pK-range is chosen in such a way that there is 
little or no activity left for the wild-type e-anyiase on the 
10 plate with the lowest pH-value. 

The screening plates are incubated for 2 hours at 
S5*C» After this period an I 2 solution is pourod over the 
IS plates. 10 x x 2 solution contains 30 g l z and 70 g KI per 
liter* 

Tfa« amount of clearance of the spots is correlated 
with the residual a~as&yXas«- activity at that pH value, Those 
mutants that perform better than the wild-* type controls are 
SO selected for a second round of screening, Wild-type halo's 
are wry reproducible in this experiment. 

4 . Second , soreeni nc 

Positive mutants are picked from the rich plate and 

25 purified oh fresh HI plates -f chloramphenicol. 4 single 
colonies are picked from each mutant and they are tested 
again in a similar way as in the first screening «. In addition 
serial dilutions of these cultures are made with STW and 
these dilutions are spotted on neutral pH screening plates 

3:0 (pH » 710). Comparison with wild-type cultures enables one to 
decide if the better performance at low pH is due to an 
overall better e-amyiase production or to intrinsically more 
stable ^-amylase. 

*$tm. mutants that ^survive** the second screening are 

3S characterised by determining the nucleotide sequence of that 
part of the gene that was subjected to mutagenesis. 




%* $£Mmm&mJ£&£~M0& X i stable a»a»glaae 

Screening far alteli stable a-a&yias^s is performed in 
a manner similar to the one -used for acid stable a~amylaseu 
5 After growth xn mxcrotifer plates s jUl samples ax© taken from 
each wail and spotted onto a storage plate and onto the 
actual screening plate* The latter is composed of; 

Baeto Agar (DIFCO) i»S% 
iO Sulkowsicy starch 0*2% 

and completed with derdneraiissaa water plus 



MgCi 2 1 mM 

MaH€03 2,5 mM 

SSA io ag/ml 



The screening plates are suffered witfe. SO m 
20 carbonate/bicarbonate buffer, pE values are 9*8, $,$ and 
i0*0» The pH range Is chosen in such a way that there is 
little or no activity of the wild-type a-amylase at the 
highest P H value. After 2 hours incubation at 5S°C an 1, 
solution is peered over the plates. 'fhose mutants that give a 
25 better halo than the wild-type enzyme are selected for a 

second round of screening, This second round of screening is 
performed in a similar fashion as the screening for the acid 
stability. 



c * ^SS^miagUte-^^^stab.ife_j3trawlase mutants 

a-Asaylase Mutants that- perforn better or worse at high 
temperature than the wild-type a-amylase, can also be 
35 selected fey comparison of halo's on starch plates caused toy 
the residual amylase activity in the culture broths after 
heating. 



PCT/EP90/81642 




Mutants are grown in the sstie way as for the 
pHseraen ing ♦ 

33ae »uta»t« are replicated on HI agar plates as for 
the pH~sereening<. 

The separate wells of the microtiterplates were closed 
with disposable caps (Flow laboratories ) 'to present 
evaporation of the culture broths during the heating 

Hiorctlterplates were heated in a waterfeath for 1 hoar 
at 95 *C* After heating the microtiterplates were 
placed in a centrifuge for collecting the total sample 
on the bottom of the sjiorotiterplate* 

Screening for thermostable mutants was done as 
follows? 

From each well 5 al of culture vas spotted on neutral 
screeningpiates (See pH-screening) * These plates were 
ineabahad for 1 hoar at 55 *C. 

After staining the starch with the iodine solution 
mutants and controls can he screened for residual &~ 
amylase activity fey comparing clearance of the spots 
Chalo ' s) , 

In case the residual activity of the controls is too 
high, serial dilutions mast fee Bade and spotted on the 
screening plate to be able to discriminate for mutants 
that are more thermostable than the wild-type en syne- 

Possible interesting mutants are tested further as was 
done in the pH^sorseniug method. 

k combination of screening type h or B with type C can 
applied if a comfeination of properties is desired. For 
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instance after the firs* round of screening for alkali stable 
«»» amylase f a second round of screening f or thermos tab! I i ty 
can 'be perforated » Those mutants that score positive in both 
tests Bay be selected as candidates exhibiting a costbiaatipn 
§ of desired px x operties> 

Example 6 
MltBlphlte mutacenosjjij^ , pMaT£=ia6 

10 

Single stranded DHfc of pHatELiaS was annealed with 
||&SXXH£l&X digested pMeTLia6 in order to obtain a 
heteroduplex with a gap mnning tram position 4315 to 4§§3 
(Figure 3) . This heteroduplex was sub j acted to bisulphite 

IS mutagenesis {see experimental) . 

After transformation into B* sojjl WK& mxt & (Sell,, R. 
.and Frits H*J. , ibid) and selection on chloramphenicol 
containing aqar plates {SO pg/ml) plasmid pools were isolated 
and transformed into 1. coll I> .sola, W&S Mut S was 

20 deposited as CBS 472. SS, J|. IKS was deposited as CBS 

473 »SS. Hesulting transformants were grown in BH1 medium 
(BXFCO) containing 2.0 tM, Cacl sf 50 ftq/v.1 chloramphenicol and 
0*20 m 2PTG (SIGMA) during 40 hours at 37 "C in microtiter 
wells without shaking* Screening for pK stable mutants was 

25 carried out as described in Example 5. 

About 300 Cm 8 transformants ware screened* The mutation 
frequency as determined by DMA sequencing was on average 0.4 
mutation/molecule over the gap. One acid stable mutant f 07 , 
was identified after the pB screening. sequencing ■ of this 

30 mutant revealed mutation H133Y originating from a mutation of 
the encoding triplet from CAC to TAC. 

Mutant D7 was also found positive in the thermo- 
stability screening assay (Example 5} . 

|>M& sequencing was performed on single stranded IWA 

3.5 with a specific oligonucleotide designed to prime just before 
the §.§.cIl~.£i§.X fragment x In a separate mutagenesis experiment 
1000 Cm 8 transformants were screened. Another acid stable 
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mutant, 2D5 f was identifiM after the pH screening. Thit 
mutant has the following mutations; 
H133Y CAC -~> TAC 



S Bisulphite mutagenesis m« fcsep applies in a similar manner 
as described on the j^-fiaix gap which runs from 

position 4568 to position WS of Figure 3. About 300 Csa* 
trans formants wars screened (mutation frequency p„6 
mutations/molecule) . Ho acid stable transf ormants vara found. 
10 a number of acid labile mutants vara found. Among these acid 
labile mutants sosse may have a shifted pH spectrum resulting 
in a sore alkaline stable phenotype, 

IS 

Single stranded pMaTLias (Figure 4} was annealed with 
Ma3^i&I! digested pMe<EUa6 in order to obtain a heteroduple>: 

20 running from position 4569 to 4976 (Figure 3) . xts? gapped 
duplex was subjected to mzytmtlv isisincorporatiop 
mutagenesis as described in the experimental section, 

A sample obtained after dATSKllmited primer elongation 
was split in three parts and incubated in the presence of 

25 reverse transcriptase with dCTP, dGTP and «Km>, respectively. 
After incubation at 37*C for 10 minutes a chase witfc all four 
dNTP's and Kienow polymerase was given T4~DH& ligase was 
added to finish the elongation to completely doable stranded 



30 These molecules were transformed into J2. colj . m 6 Hut 

8 and plass5id P° ols recovered. These plasmid pools were 

subsequently transformed into £« coli »K 6 and the colonies 
were selected on chloramphenicol (SO ftq/ml) containing agar 
plates. Resulting mutants were screened for stability of a- 

35 amylase as described in Example s* 

in another experiment the Sgel-gaoll gap was subjected 
to limited primer elongation with dATp, d&fj? f dGTP and dTTP f 
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respectively » These primer fools were mutagenic 
mis incorporation f see experimental) , 100 Cm g trans £ ormants 
were tested on pH plates (Example $} and mutant M29 was 
identified as more stable at low pa, The sequence of the 
5 mutation was determined: AlliS? QCQ > tcs 



Properties of at^feJLe Jsntante 

10 

Two of the mutants obtained from the bisulphite 
mutagenesis experiments s?ere further characterised. As 
described before Wk sequencing suggested the following amino 
acid replacements? 
IS - 07 contained a tyrosine at position 133 instead of a 
histidine (D7 ** H133Y), 

~- 2D5 contained the W Mutation and in addition threonine lis 
was replaced by isoieucine- (2D5 ** H133Y,, * 

20 ■BteaiKttfeaent of *nzxm%ic activity 



enayssatic activity of B, lichen! for^is a-amyl&se WT 
and mutants was measured using 4™nitrophenyi--maltopentaoside 
(4HP~DPS) as a substrate ? 4 nitrophenol and ssa 1 t open t aose are 
23 formed f this reaction can be followed by measuring tha change 
in CD 405. The assay was performed at 38 *C in SOmH HOPS, Si 
H&C1, 2mM CaCl 2 (PH 7.15} and Q~laM 4NP-DPS, 
Initial rates were measured and E-nitrophenol was taken as 
10,000 1/M/csu Figure 9 shows the results for WS and 23D5 a~ 
30 amylases, Vmax and Em were calculated and are given in 

VmaxCiimol/min/mg) Km{mH) 
WS 66.7 ± 0.9 0.11 2 f 0,003 

2SS ± 0.7 0.119 £ O.i 
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clearly shows t&afe. thm aatations of SE-amylasa 2m do 

way. 



0 



H®s."fc inacfci'va'tixoB expsri&tejj'fcs w@r& 
and 2DS at varying caletusa .casacentx^-fcioas 
as follows s 
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(2 ~ 3 sag/ssl) 

3 X 1 L 20 3BM MOPS 

5 S« EDTA 

S JsiM pM 7* 



for 24 tors against 
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- SOS f{l touffar 100 5SM (a. 9. MES, MOPS, EPFS)* 

- 145 #i <5«ss«taXli»0«i e«sr.ya?e (e.g. 2* IS jag/atl) 

- 100 #1 Ca.CI £ (10O> SO, 30, 20, 10, 5 or 2.5 
» X jUl K^SO^ {100 SaH) 

- {2SS~<x) j»X H 2 0 
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~ HES a* '9*. aft room temperature vti&l give s.s 

at 90*0 (p;&a 6.15 pXa/*C » -0.0X1} 
~ pKa were from Table of Merck 

{ Bwitterionische Fuf £ ersufestanseB} 



1 ml ensyma solution preincubatsd at. rooss taisper&tura 
was heated at 9Q.5*C or 9$*G in closed Pierce-vials 
(teflon coated~seais) at a concentration of afeoufe 0.2 
mg/ml* SO #1 samples were withdraw at regular intervals 
between 0 and 6 hrs with a .syringe and cooled on ice. 
Residual activities nave bean determined with 4HP-DP5 
{O.SxaM} . 

Half lives were determined using a single exponential 
decay f itting program (£E&H!p.&&) 

Figures 10 and XX show the half life times of WT and 
D? o^a^syias©® at pE SLS and 7,0 respectively as a 
function of the Ca s * concentration at 98,S*C» 'The Ca 2 * 
dependence of 2 05 has only been determined at pH 7*0 at 
95 "C (Figure 12}. It can also be seen that, the Ca 
dependence of the mutants is not different fro® that of 

g;fea;on,osf abi jlty of mutant o-amylases . at dlf f erent pH: 

The pH dependence of thernoinactavation for both m and 
2D5 has been determined at 90*5 and 95*0 respectively 
using the buffer as described above at a X mM Ca 2 * 
concentration. It o&n be concluded that the thermal 
stability of both 07" and 205 is greatly increased (up to 
twofold for 285) over the entire pH range. (Figures 13 
and 14) * 
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5 Mutations in the J!« lichenifortsis a-amylase f which 

were identified by «3qpre»»ioa in £. £8H **K6 were transferred 
to a Bacillus expression vector in two dif f aranf ways » 

a) Witfe the aifi of the uniona restriction sites within 
10 the a~a»yl&se gene. {Figure 4} , fragments carrying 

mutations were isolated frojs pMarhiaS mutants end 
subelooed into the hcaologcms position of pBMaS.LiaS* 
Th& latter plasmid, which oan fee replicated either in 
col-i or in Saeilitss , was subsequently digested with 
15 H&C.X and reeircularized with T4 B1?A Xigass. After 

transformation into sufetilis X&40 Mgh level. 

«~a»yXase production under control of the SK^ promoter 
was obtained ♦ ReeircuX&rised pBMaS.LiaS is named 
pB6,Lia6 to indicate the removal of the cglj 
20 portion of the vector. 

fe) pSMaS*Lia£> single stranded BHA was recollected from B» 
ppli and annealed with restriction enzyme digested 
pBMc6.Lia6 double stranded D$?& in order to obtain e 

25 gapped duplex with the intended gap on the o~amy.iasa 

gene* This gap was than subjected to sits~d.i rested 
mutagenesis with an oligonucleotide (as described in 
the experimental section) which encodes the desired 
mutation , pBMc6,Lia€ vector is then transformed into 

30 pB6-.XJ.a6 type vector as described above* combination 

of different single site mutation can be performed by 
method a) if mutations are in different gaps ,, 
preferably, however, method h) is used. 

35 The mutations of isntants D? and £0S were transferred 

to pSMa6*Lia€ by method a) by exchanging the Sacll-Sall 
fragments and e^&mylase warn recovered from the medium of 
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transformed Baci I I us subtiHs 1A40. Supernatants of both 
mutants were sub j eeted to the. screening procedures of 
Examples tmd it was. confirmed that both mutants produce a- 
amylase which is mora acid stable and more thermostable than 
5 o-amylasa ©reduced fey wild~type pB§„Eji@6« 

The phenotype of the a-amylase mutations in SisiXiiM 
is thus not diff arant fro® -the phenotype in B. col .1 , 

Ultimately pBS.LiaS mutants have teen transformed into 
Bacillus Xish.Sil4 K £0;XBi§. T9> which is a protease negative, «*» 

10 amylase negative derivative of Bacillus Xicheftiformijg; TS, 
(&P-0253455, CBS 470.83). Bosh T9 has hesn used to produce 
high level amounts of «~amylase mutants in a homologous 
system. The removal of the chromosomal a-amyiase gene renders 
this strain very suited for the production of mutant a- 

15 amylase as no contaminatino; wild-type a~*amylase is. being 

produced anymore. Enzyme recovered from this strain has bean 
used for industrial application tasting* The industrial use 
of mutants pBS.LiaS.2DS and pB6*X>i&&»£? was demonstrated * 



lppliff.ati.QTl..test, of mutant a-a^ylase under conditions of 

To test mutant e-axaylase 2D5 in more realistic 
circumstances, we have purified the fermentation broth (of 
Sample S) with ultrafiltration and formulated the anryme 
with S0% propyl eenglycol. 
30 Three samples have been tested: 

893701 s WT B. lichem lf ormis TS &~amyXase 1530 
893703 ? 3DS Mutant prepared as WE 2820 TAU/g 

Maxamyl 0819 Commercial sample 7090 TAtyg 

3§ One TAt? C thermostable e-amylase unit) is defined as the 
quantity of ensyme that will convert under standardized 
conditions 1 mg of starch per minute in a product having an 
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equal absorption to a reference colour at 620 nm after 
reaction with iodine. Standard conditions are pH 6,6; 3Q*C; 
reaction time s 2© miu. Reference colour is 25cr CaCl„, 6H*O f 
3,84 g KjCTgGy and 1 li SCI (IM) in 100 ml daetilled H 2 Q„ 

s 

1 * Liquefaction., test ■■.3t...iow..sS....Lg.....5 and 5,25) 

The temperature of starch slurry is increased to 1X0 ± 
10 O.S*£ as quick as possible and kept at this temperature for 6 
oxoutes * 

The liquet action is realised in continuous flow (5,4 
i/n) » 3 Samples of 13.5 ml (1.5 minute of liquefaction) are 
taken after 45, 60 and 75 minutes of liquefaction and leapt at 
15 95 *c for two hours. Afteer tails time, 50 ml of the s&moie are 
acidified with 0,4 'al H g S0 4 B to obtain pE 3.5 and put in 
boiling hath for 10 minutes in order to stop ens^matie 
activity before D*£. determination. 

The regaining part of the sauple is cooled 1$ order to 
20 determine residual anaya&tic activity. 
Slurry composition t 

3.3 kg corn starch 88% (2.904 kg dry starch), 

3,45 1 well water (40 f.M.}. 

Dry substance or the slurry is 33%. 
2S pi is corrected at 5.5 with IN sulfuric acid or 

iM HaOH. 

Enzyme concentration s 4.4 $&IS/gr dry starch. 

The flow rate is verified two or three times during the 

30 



Dry substance of liquefied starch is verified with a 
re f r actotseter (about 34%) » is determined with the veil- 

Jmown Lane Bynon method. The results are shown in Figure 15. 
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Residual amylase activity in liquefied search is 
determined with a Brabender amylograph, 

5 

40 g potato starch 
390 ml distilled water at 50 X C 
§0 ml Tris buffer 0*05 U pH 6,50 
5 si CaClg 2H s O at 30 g/1 

10 

The temperature is increased to $0*C (l.S'/aifi) whan 
viscosity is stabilizes (10 min) § ml of diluted liquefied 
starch {? g up to 50 mi with distilled water) is added, the 
decrease of viscosity after 20 minutes is measured, this 
15 decrease is a function of the enzymatic activity* A standard 
curve with known enzymatic concentration allows to estimate 
residual activity in T.A.U* 

Hutaat 2D5 performs significantly better at pH < 5,5 
20 and 110*0 than enzyme* &n improvement of 2-3 SB units at 
pH 5. 25 is obtained with mutant 2IS5 * 



2S jksMic&Mm^JLCL^ 

of textile desiring 

To test tbe industrial application of alkaline e~ 
amylase mutants a test is performed on the stability at 20*0 
30 in the following solutions 



1*4% H 2 0 2 (35%) 

1*0-1*5% Caustic Soda C i0 0 %} 

15-20 ml/1 Sodiem silicate (38 Be) 
0*3-0»S% Mlcyibensene suiphonata (Lanaryl S*A, • 

1CI) 

0«5<~i*0% Organic stabiliser (Tinoclarite G) 
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Aftsr incuha.tism daring 2.5 feoisrs -the s*&myl&®« mutants 
selected for their desired properties should have any 
remaining e3*sy»e activity. 
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1* A mutant a-amylase, that is the. expression product 
of a mutated DHA sequence encoding an «~a»ylass ; 
5 characterised in that the mutasit ara^ylasa &as an amino acid 
sequence which differs at least in one amino acid from the 
wild-type ensyaa and that said mutant sis-amylase exhibits 
improved properties for application in the degradation of 
starch and/ or textile de&ising wherein the improved 
10 properties are clue to t&e amino acid replacements, 

21 Ah e~amylase according to Claim 1, characterised in 
that it exhibits improved thermostability. 

X5 3, An e-amyiasse according to Claim 1? characterised in 

that it exhibits improved stability at a pB below 6 «5 and/or 
above 7 . 5 * 

4, An e-amylase according to Claim l f characterized in 
20 that it exhibits improved thermostability and acid stability. 

5. An a~amylase according to any one of the Claims I- 
4, in which the original gene from which the mutant enaysse is 
derived is obtained from a microorganism, preferably a 

25 Bacillus strain. 

€, An a-amylase according to claim B f in which said 
gene is derived from a wild-type gene of a strain selected 
from the group consisting of £. s^e^at h e.r^pM,iS. § > H* 
30 1 ichenifor;n is and B. .msMUm^S^M^.^ 

7* An ©-amylase according to Claim £>,< characterised in 
that this enzyme differs from the wild-type e-amylase 
obtainable from msllM^MsMnitomiB by an amino acid 
35 replacement at one or more of the positions 111, 133 and .149 
or at corresponding positions in any homologous e-amylase. 
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a* to a-amylase according to Claim 7, characterised in 
that it esnta ins one or more of the following amino acid 
r«plac«ss«ats$ AXa^llX^ir* His^i33~Tyr, Thr~X49~XX®, 

9* & mutant ge^e encoding an a-geaylase as defined in 
any one of Claims X~s. 

10, &» expression vector vteich coapris^s a mutant gone 
according to Claim 9, 

XI. & host call harboring ail oppression vector 
according to dl&ia 10. 

12 « A host cell which is substantially incapable of 
producing extracellular amyXolytic ensymes prior to 
transformation, character iz«a in that it is transformed with 
an expression vector according to Claim XQ, 

13. A host cell according to Claim 12 being S. 

A lASiIi^§/£» fioli shuttle vector, wherein the 
expression of the cloned gene in £. coll Is made impossible 
by physical separation of the regulatory sequences from the 
structural gene and wherein the expression of the oloned gene 
in B&cjJLlls can foe restored by digestion with a single 
restriction enzyme and subsequent recircuiarigation, 

15, h method for preparing an amylelytic enzyme having 
improved properties for application in starch degradation or 
in textile desising which comprises the following steps? 

mutagen is ing a cloned gene encoding an amylelytic 
ensyme of interest or a fragment thereof; 

Isolating the obtained mutant amylase gene or genes; 

introducing said mutant amylase gene or genes into a 
suitable host strain for expression and production; 
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recovering the produced mutant amylase and identifying 
those mutant amylases -"feaviag- improves properties- for 
application in starch degradation or text lie desisiog* 

S 16. & process for producing a mutant a-amylaee 

comprising ; 

- cultivating a host -cell according to any of Claims 11-13 in 
a suitable medium t 

~ recovering the produced «~amylas«u 

10 

17. Use of the a~aTsyia.se according to any one of the 
Claims X~8 in starch degradation and in textile Resizing. 

18. Process for the degradation of starch which 

IS comprises the use of a mutated c-amylase according to any one 
of the C-lax.ms X w S > 

19><. Process for textile desising which comprises the 
use of a mutated &>~&mylsse according to any one of the Claims 
20 1-8. 

20, Starch degradation composition comprising a 
mutated ct-amyl&se according to any one of the Claims 1~8, 

25 21, Textile desiring composition comprising a mutated 

a-amylase according to any one of the Claims 1~8. 
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crrcrrccsGeiiTGTCcorrcGGOAAOOOi'GGCocTn 



Figure 1 



WO 



a/. 



2/2 r 



mo nm mo n-so 1190 1200 

.1210 1220 1230 1240 12*50 1260 

oseaAccsotoooooriAT^^ 

12?0 1260 1290 1300 1310 1320 

1330 1340 1350 1360 1370 1380 
OCTACAGAOn'CTrO&MirOC^ 

1390 i4oo i%io i42o 1*30 mo 

ATEmClXTCTiXTCM^^ 

l4§G 1460 1470 1480 1490 1500 
AMCAMCCA^GCimrAiXas^^ 

1510 1320 1530 15^0 15m 1560 

1570 1580 im 1600 1610 1620 

1630 1640 1650 1660 1670 1680 
CtTXTAAATFiyy^ 

1690 1700 1719 1720 1730 ilhQ 
OACAGTTASeMTO^ 

17*59 1760 1770 1780 . 1790 1800 

■TCOA^A^^ 

1010 1820 1S$0: 1840 1830 i860 

1870 i860 1890 1900 1910 1920 
ATAMCCASCCA^ 

1930 1940 1950 i960 1970 1930 
ATCOACrrOTATTMTTOT 

1990 2000 2010 2020 2030 20 J 4Q 

2050 206O 2070 2080 2090 2100 

TCArrsAGCxccocrm^ 

2110 2120 2130 2140 2130 2160 
AAAQCGCrrTAGCTSm'OOO^ 

2170 2180 2190 2200 2210 2220 
TCACTCAT^fetFAT^ 

2230 2240 2250 2260 2270 2280 



Fig. 1 (cosatinuea): 



v i KT/EPS0/QW42 
3/2 r 

2290 £300 23X0 2320 2330 2$tt£ 

2350 2360 2370 2380 2390 2400 

24iO 2420 2430 2440 2450 2460 
AC&TCCASTTCOATOTMOOS^ 

2470 2480 2490 2500 2510 £520 

2530 2*>40 2^50 2560 2570 2380 

2590 2600 261.0 2620 2630 2640 

TXTTATrCTreATa^m^ 

2650 2660 2670 2680 2690 2700 

2710 2720 2730 2740 27S0 2760 

2770 2780 2790 2800 £810 2820 

2830 2840 2890 2860 2870 2880 

2890 2900 29X0 2920 2930 2940 

2950 2*60 2970 2980 2990 3000 

3010 3020 3030 3040 3050 3060 

CCATACTG&lAACaSS^ 

3070 3080 3090 3100 3110 3120 

3130 31^0 3X50 3*60 3170 $180 

3190 3200 3210 3220 3230 3240 

3250 326S 3270 3280 329Q 3300 

3310 3320 3330 33*Q 3350 3360 



WO 9I/803S3 FCF/EP9 

3S70 3380 33SO 3*00 3*10 3*20 

3*B0 3**0 3*50 3*60 3*70 3*80 

3490 3300 3510 .3520 3530 35*0 

35SD 3560 3570 35^0 3590 3600 

3610 ^62D 3630 36% 3650 3660 

3670 3680 3690 3700 3710 3720 
CGCH&TCAACAGOSACACCAGC^ 

3730 37^0 3730 3760 3770 3780 

3790 3SD0 
GCC^OOrXGOl^fAQfiGOTCC^. 



WO 91/00353 FOYEFf e/01042 



10 23 p 40 50 60 

GTCTACAAACCCCTXA&A^ 

70 30 90 100 .1X0 120 

130 tm 150 im m tso 

190 200 240 220 230 240 

AAATGGAJU\TTGAMOAATTMC^ 

250 260 270 230 290 300 

TTGMGATCC^GCnT^^ 

310 320 330 340 350 360 

370 3S0 390 kOQ 410 420 

H K a a K R L Y A K L h T 

%30 440 450 460 470 480 

CTGmTrTGC^CATCTT^^ 
L L P A L 1 F L L F H S A A A A A K L K 

490 300 310 320 530 540 

G T L H Q t F S W Y M P K S G ft R f? K H 
5 

550 360 570 380 590 600 

TrOCAAMCGACTCCGCATATrTOOtTC^ 

L Q K D S A Y L - A B H 0 X T A V U If? 
25 

6X0 620 630 640 650 660 

GCATATA&SGCSMCC&GCCMGCG^ 

A V K G T S Q A D V G Y G A Y D L ? D L 
45 

670 630 690 TOO 7X0 720 

<&GGAG£2TGATGA^ 
0 S F H 8 K 0 T V H T K Y G T K 0 E L Q 

m 

730 740 750 760 770 ?80 

TCTSCGATCAAMGTCTrCAT^^ 

S A X K S L H S K 8 1 N V Y G Q V V 1 K 
85 

790 800 810 820 83G 840 

CACAAAGGeoaCGCTGArOC^^ 

H K G G A D A T E 8 V T A M S V D P A 8 
105 

850 860 870 880 8?0 000 

COCAACCGOSTMTTrCAGSAGAACAC 
■R N H V I S- <S E M L I K A W T K P H P F 
125 

310 920 930 940 950 980 

«K&GCGQCAGCASATAGA*^ 
Q H 0 S T Y S 0 F K « H W V H F 0 G T D 

Fir-are 2 




970 980 B9Q tWO 1010 1020 

W 0 E S B K h H E 1 ? K P • Q 0 K A W 0 W 
165 

1030 Itm W5Q 1G&Q 1070 1080 

E V S H E K Q JT Y D V -t M Y A D I .D Y D 
185 

1090 1100 1110 1120 1130 iiUQ 

H F 0 V A A E I K H « fi T jf Y A 8 E [ Q 

205 

1150 1160 1170 1180 1190 1200 

h 0 G F R L £ A V K H I K F S F L H D W 
225 

1210 1220 1230 1240 1250 1260 

V N H V H B K T 2. % S M F T V A E Y K Q 
245 

1270 1280 1290 1300 131D 1320 

Kf 0 L Q A L E N Y h H K T F N B S V' F 
265 

1330 1340 1350 1360 1370 1380 

0 V P L H Y 0 F H A A S T Q 0 0 0 Y D H 
285 

1390 1^00 IfeO 1420 X43C tm& 

AOO&^TIOCT/GMCGGI'ACGGT^ 
R K L L N <J T V V S K H F L K S V T F V 

1450 1460 1^70 1480 i4$G 1S00 

SATMCCATQATACACAGCCG00uCAATCGCTTGAGl'CSACTCn , CCAAACAT22Trr^W3 
0 N 8 0 T 0 P G Q S L E 3 T V Q T W F K 
32.5 

1510 1520 1530 1540 155b 1560 

c^arnwrncacTrmTTcrcACM 

P L A Y A F I L 7 R S S G Y F Q '/ F Y 0 
34§ 

15T0 1580 1590 1600 1610 1620 

GATAItjTACGGGACGAMGGAGACTCCCAGCG^^ 
DMYQTKQ0SQREX?AL K H t I 

1630 1640 1650 1660 1670 1680 
C^COGATtrn^MGCGA^^ 

E P I L K A R K Q Y 4 y G A Q H D Y F D 
385 

1&90 1700 1710 1720 1730 n*t© 

CAeeATGAOATTGTCGGCTGGAeA^ 

H H D X V G W T R £ G D S S V A H S 0 S 
405 

1750 176O 1770 1780 1790 1800 

GeOGCAmATMCAa4CGGAGGCGaiSGOGCAMGCGAATGTATGTCSGGCaGCAAAAC 

A A L I T O G P a G A K B M Y V 0 R Q M 
425 



Fig. 2 (continued) 



wo 91/00353 vcrmpmMim 



isio 1820 less mm mo 

A S E T W H 5 ITS H S E » V V X » S 

44t> 1870 1880 1890 1900 1910 1920 
GAAGGCTGdGGA&%S^ 

£ 0 W S E P 8 V K S S $ V S I Y V O H 

1930 1940 19fS i960 1970 i960 

19Q0 2D0O 2010 2020 2030 20%0 

2050 2060 2070 2080 2090 2X00 

2110 2120 2130 2140 



10 20 30 46 50 60 

70 80 90 100 110 120 

130 14© 150 ISO l?0 180 

190 200 210 220 230 240 

230 260 2?0 280 £90 300 

310 320 330 340 350 360 

370 38Q 390 400 4lQ 420 
GeAGCGXGACC0CTJ\C&C7^ 

430 440 450 460 470 480 

ecrrrcTeaca^ 

490 §00 3 10 520 330 540 

550 560 370 580 590 800 

810 620 630 640 650 660 

670 680 690 TOO 7X0 72.0 

730 740 750 780 770 780 

790 800 810 820 8^0 840 

850 S60 870 880 890 900 

OMKAOGGOATMCGCAGGAAA^^ 

910 920 930 940 950 960 

970 980 990 1000 10.10 1020 

1030 1040 1030 1060 1070 1080 

1090 HQS 1110 1120 1130 1140 



WC>f|/§93S3 

S/ir 



1150 1160 1170 1180 1190 120Q 
CTCAC?n£&srGTAQO^^ 



1210 1220 1230 1240 1250 1260 

1270 1280 1290 1300 1310 1320 

1330 1340 1350 1360 1370 1380 

1390 140D iHlO 1420 1430 1440 

1450 1460 1470 1480 1490 1500 
AMCMACCACCGcrrGorAocaciTSGTTmTrGTrrG 

1510 1520 1530 1540 1550 mm 

AAAAMGC^TCTCMGMC^TC 

1570 1S90 1600 1610 1620 
GAAMCTC&e<nTAAGGO^^ 

1630 1640 1650 1660 1670 1680 

IfigO 1700 1710 1720 1730 1740 

1750 1760 1770 1780 17^0 1800 

1810 1820 1830 1840 1850 i860 
QOCCCCAGTGCTGCAAT<MTACC^ 

187O 1880 I.89O 1900 1910 1920 
ATAAACCAGCCAGCOGGMOGGCCGAGCGCASM 

1930 1940 1950 I960 1970 1980 
ATCCAGXCTATrMTrGTrG^^^ 

1990 aOQO 2010 2020 2030 2Q40 

eGCMCGSTarroccATrsc^ 

2050 2060 2870 2080 2090 2100 

2110 2120 2190 2140 2190 2160 

2170. 2180 2190 2200 2210 2220 

2230 22*50 2250 2260 2270 2280 



F&gu 3 ( con£ .i tuts s d } 



i FCT/EF8i/0!CM2 



2290 2300 2310 2320 2W 2340 

AtHmroraeccc^^ 

2350 2360 2370 236O 2390 2^00 

24X0 2k2Q Mm :2*&Q Z*m 2460 
AOATCCA«nU&T!m/^^ 

2470 2480 2490 2^00 2310 2520 

2§30 2540 25P 2560 2570 2380 

2390 2600 26X0 2620 2630 2640 

2650 2660 26?0 268Q 2690 2700 

2710 2720 2730 27^0 2750 2760 

2770 2?B0 2790 2800 28IQ 2820 
CMTAGGCOGOCTeGAATX^^ 

28S0 2840 2850 2860 2870 2880 

2S9O 2900 29IO 2920 2f3Q 2940 

2930 2960 2970 2980 2990 3000 

3010 3020 3030: 30^0 3050 306O 

3070 3080 3090 3100 siio 3120 

3130 3140 3150 33.60 317Q -3180 
MTA^CGASSfXT^ 

3190 3200 3210 3220 3230 3240 
GCAUTCSTCerrGC^A^ 

323O 3260 3270 3280 3290 ^00 

3310 3320 3330 3340 3330 3360 



Fig* 3 { ~cntd nued) 



WO 91/00353 / PCI7EP9O/0ie42 



3370 3380 339Q '%$QO - 3**0 3*20 

Tsnt^rrATriTsxnr^^ 

3% 3Q 31*1*0 3*150 3460 3*70 348a 
TATAGGiACATTS&^AA^ 

3490 3500 3 510 3330 35*10 

3550 3560 3570 35S0 3590 3600 

36XO 3620 3630 36*0 3650 3660 
TaaMccrtriTAeo^ 

367O 3680 3690 3700 3710 3720 
C(^ATCMCAGaGAeAdC$^^ 

3730 37*0 3750 3760 3770 3780 
TTTAlTCGM<MGCmAAC^ 

37<?0 3800 3810 3820 383O 38*0 

3850 3860 3870 3880 3890 3900 
txtcackehhma^^ 

M K 0 a K H 

3910 3920 3930 39*0 3950 3960 

L Y A 8 L L T L L F A L I F L I P H S A 

3970 3980 3990 $000 *oxo teo 

CAGCGGvGGCMATCTl^ 

A A A A N L M Q X L M Q Y F S If V M F « 
*X 

4030 *0*O *050 *060 4070 *0S0 
ACGGCCMCArrGuAAGCGTITGC^^^ 

D 0 Q H W K H l* OKB S A Y L A E H G X 
18 

4090 $2.00. i&lQ *120 *X30 %1*G 

t a v w i p ? a y s 0 t s a a b v a y g 
38 

if JSCS 4l60 *X70 *180 *X$0 4200 

CmC<^C<OTAim^^ 

A t B L Y B L 0 E F H Q K 0 T V ' H T R Y 
^8 

mm 4220 *330 *2*0 *S50. *260 

C^CAAAAQ!&<&Qe3^^ 

G T K 0 S L 0 S A 1 K S L H S 8 D X N V 
78 

4270 *280 4290 $300 4310 4320 

Y 0 D V V X » H K G 0 A S A T E S V T A 
98 



:p&g. 3 (cont-imied) 




^330 414©' 4350 4360 43?0 4380 

Y S V D P A 0 R n R V I S a ® H L I K A 

4390 4400 44X0 4420 4430 444Q 
GGACAeATTTrcATmccGGGGes 

W T H F H F P Q H 3 S T Y S S F K W H W 
138 

4430 4460 4470 4480 4490 4500 
AecATJTrGACGc^cca&TFO^ 

Y H F U 0 T » W D E S R X L N R I ? K F 
158 

4510 4520 4330 4540 4§30 4560 

Q 0 K A W 0 i? S V S H EMS K Y D Y I M 
178 

4570 4530 4590 4600 4610 4620 
A'TCKCGACATvGATTA'TOAC^ 

Y A 8 I S V D H P B V A A S 1 K R » 0 T 
158 

4630 4649 4650 4660 4670 4680 
GGTATGOCAATGAACaGC/mT^^ 

» V A K 5 L QLSGFKLD A V K H I K 
218 

4690 4700 4710 4720 4730 4740 

F S F L H D W V H H ¥ S S I T 0 K E M F 
238 

473O 4760 4770 47SQ 4790 4800 

T ¥ A E Y WON D L 0 A L E N Y L N K T 
258 

4810 4820 4830 4840 48§0 4860 

X F N H S V F D V P L H ? Q F H A AST 
278 

4870 4880 4890 4900 4910 4920 
AGGGAGGCGGCTATGATATCAOS^ 

0 G G G Y $ U H S L L S G T V V S K H P 
298 

4930 4940 4950 4960 4970 4980 

L K S V % F V D H H D T Q P C Q S L £ S 
318 

4990 5000 5010 §020 TOO 5040 

CTca*ecAMCATGGrrm^^ 

T V Q T ¥ F K P h ft ¥ A F X L T H S S 0 
338 

3050 5060 5070 3080 5090 5100 

ACCCTC&GGTrnXfTACC&ffiiG^^ 

Y P 0 V F Y G .B M f G T K CDS Q H £ I 
358 

5110 5120 . 51$0 . §140 5150 5160 

CfGCSTTOMkCAGAAAATTGM 

P- A L K U K I . S P I L K A H K Q ? A Y 0 
378 



Fig* 3 (continued) 



5170 5W 3190 B200 gaio R3£0 

A Q . H D Y F S H » 8 X V S W T R S Q Q S 
398 

5230 52«fO 'gago 528O 5Z?0 «?280 

3 V A M S 9 Si A A L I T B a F G S A % H 

5290 5300 53X0: 5320 5330 53^10 
WATOSCQGCSmsyw^^ 

n V V G H Q K A 0 8 T H H D I T Q M R S 
438 

5350 S360 §370 5380 5390 ^ao 
AOCCCOTSTCA^ 

H F V V X H S I 8 i S S F H V K Q G s V 

5410 §428 5^30 5440 ^0 K460 

S I Y V Q R 

478 

3^70 5480 5490 5510 5520 

5530 55^0 5550 5580 557G 5580 

5590 5600 5*510 5620 5630 56S0 

§650 5660 5670 



Fig. 3 {eorxirmsBi} 



m/2 




WO PCT/EI*90/§1M2 

iiksr 

-f 




figure- 6 



WO 93780353 




Figure 7 



HI 



M K Q S X X A L A L I P L J, f T 

CCTuXQACAAAAC-C;! GCMAT 
P V T K A A S 



WO 91/00353 



10 
cd 



O 

S3 




© o 
so o 

C5 0 P ;<*?/ ^ ^ 



T 

m 
D 



© 



35 



WO 91/80353 



PCT/EP90/01M2 




Figure 13 



WO 91/00353 FCT/EP90/01M2 




Figure 14 

3 



